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X57) Abstract: A foil -type switching 
element comprises a first carrier foil 
and a second carrier foil arranged 
at a certain distance from each 
other by means of a spacer, said 
spacer comprising at least one 
recess defining an active area of 
the switching element. At least 
two electrodes are arranged in the 
active area of the switching element 
between said first and second carrier 
foils in such a way that, in response 
to a pressure acting on the active area 
of the switching element, the first 
and second carrier foils are pressed 
together against the reaction force of 



the elastic carrier foils and an electrical contact is established between the at least two electrodes. In order to avoid inhomogeneous 
deformation of the carrier foil due to the application of the electrodes, the switching element further comprises a layer of dielectric 
material, said dielectric material being applied onto said first carrier foil between the carrier foil and an electrode arranged on said 
first carrier foil, said layer of dielectric material covering at least an electrode region of the first carrier foil which is delimited by a 
generally outer periphery of the electrode arranged on said first carrier foil. 
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Foil-type Switching element with dielectric layer 

Introduction 

The present invention relates to foil-type switching elements and more specifi- 
cally to foil-type switching elements comprising at least one electrode structure 
printed on a flexible earner foil. 

The present invention relates to a foil-type switching element comprising a first 
carrier foil and a second carrier foil arranged at a certain distance from each 
other by means of a spacer. The spacer comprises at least one recess, which 
defines an active area of the switching element. At least two electrodes are 
arranged in the active area of the switching element between said first and 
second earner foils in such a way that, in response to a pressure acting on the 
active area of the switching element, the first and second carrier foils are 
pressed together against the reaction force of the elastic carrier foils and an 
electrical contact is established between the at least two electrodes. 

Several embodiments of such foil-type switching elements are well known in the 
art. Some of these switching elements are configured as simple switches 
comprising e.g. a first electrode arranged on the first carrier foil and a second 
electrode arranged on the second earner foil in a facing relationship with the 
first planar electrode. The electrodes may be of a planar configuration covering 
essentially the entire surface of the respective carrier foil inside of the active 
area. 

Other switching elements known in the art are configured as pressure sensors 
having an electrical resistance, which varies with the amount of pressure 
applied. In a first embodiment of such pressure sensors, a first electrode is 
arranged on the first carrier foil and a second electrode is arranged on the 
second carrier foil in facing relationship with the first electrode. At least one of 
the electrodes is covered by a layer of pressure sensitive material, e.g. a semi- 
conducting material, such that when the first and second carrier foils are 
pressed together in response of a force acting on the switching element, an 
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electrical contact is established between the first and second electrode via the 
layer of pressure sensitive material. The pressure sensors of this type are 
frequently called to operate in a so called "through mode". 

In an alternative embodiment of the pressure sensors, a first and a second 
5 electrode are arranged in spaced relationship on one of the first and second 
carrier foils while the other carrier foil is covered with a layer of pressure 
sensitive material. The layer of pressure sensitive material is arranged in facing 
relationship to the first and second electrode such that, when said first and 
second carrier foils are pressed together in response to a force acting on the 
10 active area of the switching element, the layer of pressure sensitive material 
shunts the first and second electrode. These sensors are called to operate in 
the so-called "shunt mode". 

The above-described switching elements can be manufactured cost-effectively 
and have proven to be extremely robust and reliable in practice. 

15 The electrical response of such a switching element depends on the type of the 
electrodes, the presence of a possible layer of pressure sensitive material, the 
design of the electrodes and their arrangement within the active area of the 
switching element and finally on the physical contact, which is established 
between the electrodes in response to a force acting on the active area. The 

20 physical contact between the electrodes is determined by the mechanical 
response of the switching element in case of a force acting on the active area. 
This mechanical response depends on the elastic properties of the carrier foils, 
usually a PET foil, the lateral dimension of the active area and the distance 
between the two opposed carrier foils. 

25 During the manufacturing process, the electrodes are usually printed onto their 
respective carrier foil. During this printing process, the carrier foil is subject to 
surface tensions on the boundary to the conductive material of printed elec- 
trode. These surface tensions may lead to a deformation of the carrier foil, 
which depending on the configuration of the electrode may be inhomogeneous 

30 over the active area of the switching element. 
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The uncontrolled deformations of the carrier foil and the printed electrode alter 
of course the configuration of the switching element in the active area. In fact, 
the distance between the two carrier foils differs from the nominal distance and 
is no longer uniform over the entire area of the active zone. Furthermore the 
electrodes being subject to the same deformations, the configuration of the 
electrode does no longer match with the specifications. These factors result in 
an uncontrolled modification of the mechanical response of the sensor and 
accordingly to a modification of its electrical response. 

Object of the invention 

The object of the present invention is to provide an improved foil -type switching 
element. 

General description of the invention 

This object is achieved by a foil-type switching element according to claim 1 . 
This foil-type switching element comprises a first carrier foil and a second 
carrier foil arranged at a certain distance from each other by means of a spacer, 
said spacer comprising at least one recess defining an active area of the 
switching element. At least two electrodes are arranged in the active area of the 
switching element between said first and second carrier foils in such a way that, 
in response to a pressure acting on the active area of the switching element, the 
first and second carrier foils are pressed together against the reaction force of 
the elastic carrier foils and an electrical contact is established between the at 
least two electrodes. According to the invention, the switching element further 
comprises a layer of dielectric material, said dielectric material being applied 
onto said first earner foil between the carrier foil and an electrode arranged on 
said first carrier foil, said layer of dielectric material covering at least an elec- 
trode region of the first earner foil which is delimited by a generally outer 
periphery of the electrode arranged on said first carrier foil. 

The electrode region in which the dielectric material is applied is delimited by a 
generally convex outline circumscribing the electrode to be printed on the 
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carrier foil. It follows that even in the case of complex electrode configurations, 
e.g. in the case of comb-shaped electrodes, the region in which a material is 
applied directly to the carrier foil has a generally convex form. The application of 
a layer of dielectric material, which covers the entire electrode region, thus 
5 prevents the substrate to deform inhomogeneously in the electrode region of 
the active area. Even if the carrier foil deforms as a result of the application of 
the dielectric layer, such deformation is substantially homogeneous over the 
electrode region and may accordingly controlled or compensated. Accordingly, 
the configuration of the electrodes and carrier foil arrangement is not altered in 
10 an uncontrolled manner by the manufacturing process so that the production of 
switching elements which are not conform to the specifications can be consid- 
erably reduced. 

The dielectric material can be chosen from a wide range of suitable materials, 
such as e.g. PUR resin, epoxy resin, phenoxy resin, silicone resin, etc.. It 

15 should be noted that the dielectric material is preferably chosen so as to reduce 
the stress at the boundary layer between the carrier foil and the application 
layer such that the deformation of the carrier foil during the application thereof is 
minimized. It will further be noted that the dielectric layer may also act as a 
primer, which enhances the adhesion of the printed conductive electrode 

20 material, e.g. a silver ink. 

Depending on the dielectric material and on the thickness of the dielectric layer, 
the mechanical properties of the membrane system (carrier foil & dielectric 
layer) may be influenced by the application of a suitable dielectric material. It is 
for instance possible to increase the stiffness of the membrane so as to control 
25 the deflection of the membrane under the action of a pressure acting on the 
active area of the switching element. It follows that the mechanical response of 
the switching element may be influenced in a controlled manner by the applica- 
tion of a suitable dielectric material. 

It will be noted that an electrode having a convex form, e.g. a disk shaped 
30 electrode, is less susceptible to cause inhomogeneous deformations of the 
carrier foil than an electrode having a complex configuration such as an elec- 
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trode having a comb-shaped form, or the form of a ring segment or any other 
non-convex form. In fact, such complex configuration of the electrode, e.g. a 
comb-shaped electrode, an electrode in the form of a ring segment, is the main 
cause for inhomogeneous deformation of the carrier foil. It follows that the layer 
of dielectric material is preferably applied to the carrier foil, onto which an 
electrode having a complex configuration is to be printed. 

However in a preferred embodiment of the invention, a layer of dielectric 
material is applied on each of said carrier foils, independent of the configuration 
of the electrode(s). It follows that in this embodiment, a layer of dielectric 
material is also applied onto said second carrier foil between the second carrier 
foil and an electrode arranged on said second earner foil. This embodiment of 
the switching element has the advantage, that both earner foils are provided 
with similar mechanical properties and that accordingly the switching element 
shows a similar mechanical or electrical response independently of the side on 
which a force is acting on the active area. 

It will however be noted, that depending on the application, the different dielec- 
tric layers of both earner foils may be made of a different material or have a 
different thickness, such that the mechanical properties of the first and the 
second membrane system differ from each other and the switching element 
shows an asymmetric behaviour. 

In a preferred embodiment of the invention, the layer of dielectric material is 
applied on the respective earner foil in substantially the entire area of said 
active area. The coating of the entire area of the active area ensures that any 
deformation caused by the application of the dielectric layer will be homogenous 
over the entire active area of the switching element. Furthermore, inhomogene- 
ous deformations due to a misalignment of the printed electrode in the active 
area are effectively excluded. 

In a variant of this embodiment, the said layer of dielectric material is applied on 
the respective earner foil in the entire area of said active area and extends 
laterally beyond said active area. This means that an outer border of the layer of 
dielectric material is arranged between the carrier foil and the spacer material. 
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With this embodiment, the entire area of the active zone is reliably covered 
even in the case of slight misalignment of the spacer and the carrier foil. The 
fabrication of switching element which are out of specification can thus be 
reduced. 

5 In a further embodiment, the said layer of dielectric material is applied on the 
respective carrier foil on the complete surface of said carrier foil. While this 
embodiment increases the amount of dielectric material used, its fabrication 
process is considerably simplified compared with the fabrication process of the 
preceding embodiments. 

10 In a very simple and cost-effective fabrication process, the layer of dielectric 
material is printed onto said carrier foil, e.g. by a screen printing process. Such 
printing processes are well known in the art and permit to apply high quality 
layers of printable materials in a desired thickness. It will be noted, that for 
general applications of the switching elements, the thickness of the dielectric 

15 layer should be as small as possible in order not to alter the mechanical 
properties of the carrier foil. The thickness of the dielectric layer will therefore 
usually be much smaller than the thickness of the carrier foil. One possible 
thickness of the dielectric layer is in the range of 10% of the thickness of the 
carrier foil. This ratio may however considerably vary in the case of specific 

20 applications. Furthermore, depending on the application and on the desired 
mechanical response of the switching element, the thickness of the dielectric 
layer may not be uniform over the entire area. In other words, depending on the 
embodiment of the switching element, the thickness of said layer of dielectric 
material varies over the active area. 

25 The skilled person will appreciate, that the present invention is applicable to 
simple membrane switches as well as to pressure sensitive switches. In case of 
a simple membrane switch a first electrode is arranged on an inner surface of 
said first carrier foil and a second electrode is arranged on an inner surface of 
the second carrier foil in a facing relationship with said first electrode. In a 

30 variant of a simple switch, a first and a second electrode are arranged side by 
side on an inner surface of said first carrier foil and a shunt element is arranged 
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on an inner surface of the second carrier foil in facing relationship with said first 
and second electrodes. The two electrodes may e.g. comprise a comb shaped 
configuration, with the teeth of the two electrodes being arranged in an interdigi- 
tating relationship. Foil-type pressure sensors are similarly configured as the 
above described switches. In contrast to the switches, at least one of said first 
and second electrode is covered by a pressure-sensitive resistive material. In 
an alternative embodiment, the said shunt element comprises a resistive 
material. Due to the pressure-sensitive resistive or semi-conducting material, 
the electrical resistance between the electrodes of these pressure sensors 
depends on the pressure with which the two carrier foils are pressed together. 

Detailed description with respect to the figures 

The present invention will be more apparent from the following description of 
several not limiting embodiments with reference to the attached drawings, 
wherein 

Fig.1: shows an embodiment of a switching element having two active areas 

covered with dielectric material; 
Fig .2: shows an embodiment of a switching element having two active areas, 

wherein the layers of dielectric material extend beyond the active area 
Fig.3: shows an embodiment of a switching element having two active areas, 

wherein the layer of dielectric material covers the entire earner foil. 

Different embodiments of the present invention are schematically illustrated in 
the figures for a simple membrane switch 10 having two active areas 12 and 14. 
The switching element 10 comprises a first carrier foil 16 and a second carrier 
foil 18, which are arranged at a certain distance d by means of a spacer 20. The 
spacer 20 comprises two recesses or cut-outs 22 such that the spacer 20 
surrounds the active areas 12 and 14 of the switching element 10. Electrodes 
24 are arranged in each active area 12 and 14 on the inner surfaces of the 
carrier foils 16 and 18 in such a way that an electrical contact is established 
between the electrodes 24 if said carrier foils are pressed together. In the 
shown embodiment, one electrode 24 is arranged on each of said carrier foils in 
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a facing relationship. It should however be noted that other layouts, e.g. with 
two spaced electrodes arranged on one of the carrier foils and a shunt element 
arranged on the second carrier foil, are also possible. 

A layer of dielectric material 26 is applied on each carrier foil between the 
5 carrier foil and the respective electrode. The dielectric material is preferably 
printed onto the carrier foil at least in the entire electrode region, i.e. in a region, 
which is delimited by a generally convex outline circumscribing the electrode to 
be printed on the carrier foil. It follows that the electrode, which may have a 
complex configuration, is subsequently printed onto the layer of dielectric 
10 material. 

In the embodiment of fig. 1 , the layers of dielectric material 26 covers the carrier 
foils 16 and 18 over the entire area of the respective active areas 12 or 14. In 
the embodiment shown in fig. 2, the layer of dielectric material 16 is applied on 
the respective carrier foil in the entire area of said active area and extends 
15 laterally beyond said active area. The layer of dielectric material accordingly 
extends in the spacer region of the switching element. In the third embodiment 
shown in fig. 3, the layer of dielectric material extends over the entire surface of 
the respective carrier foils. 

List of reference signs 

10 switching element 
20 12,14 active areas 

16 first carrier foil 

18 second carrier foil 

20 spacer 

22 recess or cut-out 
25 24 electrodes 

26 layer of dielectric material 
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Claims 

1 . Foil-type switching element comprising 

a first carrier foil and a second carrier foil arranged at a certain distance 
from each other by means of a spacer, said spacer comprising at least one 
recess defining an active area of the switching element, and 
5 at least two electrodes arranged in the active area of the switching element 
between said first and second earner foils in such a way that, in response to 
a pressure acting on the active area of the switching element, the first and 
second carrier foils are pressed together against the reaction force of the 
elastic carrier foils and an electrical contact is established between the at 

10 least two electrodes, 

characterized by a layer of dielectric material, said dielectric material being 
applied onto said first carrier foil between the carrier foil and an electrode 
anranged on said first carrier foil, said layer of dielectric material covering at 
least a region of the first carrier foil which is delimited by a generally outer 

15 periphery of the electrode arranged on said first carrier foil. 

2. Foil-type switching element according to claim 1 , wherein a layer of dielec- 
tric material is applied onto said second earner foil between the second car- 
rier foil and an electrode arranged on said second carrier foil. 

3. Foil-type switching element according to claim 1 or 2, wherein said layer of 
10 dielectric material is applied on the respective carrier foil in substantially the 

entire area of said active area. 

4. Foil-type switching element according to claim 1 or 2, wherein said layer of 
dielectric material is applied on the respective carrier foil in the entire area 
of said active area and extends laterally beyond said active area. 

!5 5. Foil-type switching element according to claim 1 or 2, wherein said layer of 
dielectric material is applied on the respective carrier foil on the complete 
surface of said carrier foil. 

6. Foil-type switching element according to any one of the preceding claims, 
wherein said layer of dielectric material is printed onto said carrier foil. 
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7. Foil-type switching element according to any one of the preceding claims, 
wherein a thickness of said layer of dielectric material varies over the active 
area. 
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